Metal-organic frameworks consist of a central metal ion that is coordinated to a multidentate ligand, which serves as linker between the metal centers. In this work the well known Cu-BTC (BTC = benzene-1,3,5-tricarboxylate) metal-organic framework was chosen as model compound.
Metal-organic frameworks consist of a central metal ion that is coordinated to a multidentate ligand, which serves as linker between the metal centers. In this work the well known Cu-BTC (BTC = benzene-1,3,5-tricarboxylate) metal-organic framework was chosen as model compound.
1 Cu-BTC is constructed from a dimeric copper unit that is bridged by four carboxylate moieties of four BTC molecules (see scheme 1). The paddle wheel motif is typical for copper carboxylates.
Scheme 1: Illustration of replacing BTC by PyDC.
In a second step of this work the BTC ligand of the Cu-BTC metal-organic framework has been replaced by PyDC (PyDC = pyridine-3,5-dicarboxylate). By the stepwise substitution of BTC by PyDC a desired amount of defect sites can be introduced into the structure (see Scheme 1) . At the same time the local coordination as well as the electronic properties of the Cu-centers was changed, leading to differences in the catalytic activity. We applied powder XRD to elucidate eventual changes of the crystal structure upon substitution as well as X-ray absorption spectroscopy to follow the local geometric alteration and electronic changes of the Cu ions. Powder XRD investigations revealed that up to 50 % of BTC can be replaced by PyDC without changing the metal framework structure (see figure 1) . By exchanging one BTC molecule by PyDC one carboxylate group (out of three) of one linker molecule is replaced by one nitrogen atom in the aromatic ring. Thus the paddle-wheel structure should become distorted and a gap should occur between the copper dimer and the linker molecule. Therefore only half of the original BTC linker molecules can be substituted. Higher substitution degrees lead to a new crystal structure as indicated by the red spectra in figure 1. By the introduction of PyDC into the framework structure some copper ions are coordinated by nitrogen instead of oxygen. Thus a change of the electronic properties could be observed. The white line is red shifted by about 0.9 eV and the pre edge feature found for Cu-BTC at 8985 eV is not visible for the substituted MOF. Thus the change in the coordination surrounding leads to an increase of the electron density at the copper atoms. At the same time the local geometry is changed with increasing substitution degree in a manner that the copper-copper distance becomes shorter and the distance between copper and carbon is getting a bit longer, which is indicated by the changes at around 2.5 Å in the Fourier transformed EXAFS spectra shown in figure 2B . Thus the substitution leads to strain in the framework. The X-ray absorption experiments clearly indicate a change of geometric and electronic properties of the Cu-BTC upon substitution with PyDC while the crystal structure was retained up to a substitution degree of 50%.
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